Abstract. It has been observed that quasi-periodic oscillations in the solar wind and interplanetary magnetic field (IMF) can result in the generation of auroral electrojet bursts and gravity waves with a similar period. In this paper, we present radar and magnetometer observations of quasi-periodic ionospheric disturbances during stable, northward IMF. Magnetic deviations of-10 nT with a 40-min periodicity were registered with ground magnetometers between magnetic latitudes 75 ø and 80 ø over an extended region along the longitudinal direction in the morning sector. A sequence of gravity waves were observed by HF radars at lower latitudes and appeared to be closely related to the highlatitude 40-min current disturbances. There were no obvious source perturbations in the upstream solar wind for the ionospheric disturbances. We suggest that field line resonances could be excited in a closed magnetosphere during prolonged northward IMF and result in the generation of the ionospheric current disturbances and gravity waves.
Introduction
High-latitude ionospheric perturbations may have their source from the solar wind and magnetosphere. Energy input from the solar wind and/or magnetosphere to the high-latitude ionosphere can result in the generation of auroral electrojet and atmospheric gravity waves. Huang et al. [1998] reported an event which showed a clear cause and effect relationship between the interplanetary magnetic field (IMF), auroral electrojet, and gravity waves. In that event, quasi-periodic southward turnings of the IMF Bz component resulted in quasi-periodic bursts of auroral electrojet, and each burst of auroral electrojet appeared to generate a single gravity wave pulse. The recurrence periods of the IMF southward turnings, the auroral electrojet bursts, and the gravity waves were -40 min.
Magnetospheric ultra-low-frequency (ULF) waves can also result in perturbations of ionospheric currents and geomagnetic field (for a review, see Hughes [1994] ). Quasi-sinusoidal boundary layer (LLBL) during strong IMF By [Clauer and Ridley, 1995] . The magnetic pulsations are generally not accompanied by gravity wave activity.
In this paper, we present observations of high-latitude ionospheric disturbances and lower-latitude gravity waves with a period of-40 min during stable, northward IMF. These ionospheric disturbances appear to have originated in the magnetosphere.
Observations
We shall concentrate upon an event that occurred on December 8, 1997. Figure 1 shows the solar wind velocity, solar wind density, and IMF components observed with the WIND spacecraft at about X = 205 Re during the period of interest. All the parameters were relatively stable. Initially, Bz was small for -14 hours before 0230 UT, changed to weakly negative (--1 nT) during 0230 -0530 UT, and became positive after 0530 UT. The 3-hour Kp index for this day was 0 during 0000-0300 UT, 0+ WIND: X=205RE, Y=12RE, Z=22RE Figure 4 shows the spectra of the magnetic disturbances and the radar echo power. The interval for spectral analysis is 1100-1700 UT for IG and CH, and l 100-1600 UT for RB (there is a problem with the RB data after 1600 UT). The radar echo spectrum is evaluated for the interval 1300-1900 UT, allowing for the gravity wave propagation delay. All the spectra have a dominant peak around 0.4 mHz, corresponding to a period of-40 min. The 0.4-mHz spectral peak at RB is stronger than that at IG and CH; this is because the RB disturbance has larger amplitude, as shown in We recognize that it is uncertain whether the ionospheric disturbances had a limited phase speed from the present observations. It is difficult to measure the propagation delay because of the small disturbance amplitude and because of the waveform deformation. It is also unclear whether the gravity waves were excited by the weak current perturbations. Further research is required to solve these problems. The purpose of this paper is to show the existence of such long-period disturbances in the ionosphere and magnetosphere. We note that this event is not an isolated one. We have found more events that show ionospheric disturbances with periods 40-60 min during stable, northward IMF. A more detailed study of other events will be the subject of a future paper.
The bottom part of

Summary
We have observed quasi-periodic ionospheric disturbances during stable, northward IMF. Magnetic deviations of-•10 nT with a 40-min period were observed between magnetic latitudes 75 ø and 80 ø over an extended region along the longitudinal direction in the morning sector. At lower latitudes, gravity waves with similar periods were observed by HF radars. These gravity waves were also observed over an extended longitudinal interval of-40 ø. There were no obvious source perturbations in the upstream solar wind for the ionospheric disturbances. We suggest that field line resonances could be excited in the largely closed magnetosphere during prolonged northward IMF. The long period of the resonances was determined by the extended lengths of the outer closed nightside field lines. The magnetospheric resonant perturbations could be the source mechanism for the generation of the ionospheric current disturbances and gravity waves.
